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Introduction 

With the increase of the environmental concerns promising alterna-
tives to synthetic pesticides come on scene, i.e. the production of 
new bioactive microbial substances and the application of biopesti-
cides. Several bacteria species including some Pseudomonas and 
Burkholderia produce natural bioactive secondary metabolites such 

as Pyrrolnitrin and Pyoluteorin [1,2].  

Recently, it was demonstrated that volatile organic compounds 
(VOCs) of bacteria such as terpenoids, phenylpropanoids and fatty 
acid derivatives can influence the growth of some fungi [3,4] and, in 
general, the inter- and intra-organismic communication signals [5-
7]. Complex mixture of volatile lactones and terpenoids (including 
geosmin) produced by some marine Streptomyces species exhibit-
ed antibiotic properties [8]. Schöller, et al. [6] reported that different 
strains of Streptomyces species produced VOCs such as alkanes, 
alkenes, alcohols, esters, ketones, sulfur-containing compounds 
and terpenoids of which about 10% remain unidentified. 

B. gladioli Zopf possesses a great potential as a plant pathogen 
antagonist [9]. B. gladioli pv. agaricicola Yabuuchi (Bga) is an im-
portant pathogen in the mushroom industry, since it causes soft rot 
of Agaricus bitorquis (Quélet) Saccardo and A. bisporus (Lange) 
Imbach [10]. Elshafie, et al. [11] have found that several strains of 

Bga have antifungal activity against some serious phytopathogenic 
fungi by producing diffusible bioactive secondary metabolites in 

broth culture. 

The aims of this study were to determine the antifungal activity of 

four strains of Bga against two phytopathogenic fungi and to identify 

and characterize biochemically VOCs produced by Bga strain IC-
MP11096 using Gas chromatography-Mass spectrometry (GC-MS). 

Materials and Methods 

Studied Bacterial and Fungal Strains 

Bga strains were isolated from A. bitorquis and obtained from Inter-

national Collection of Microorganisms from Plants (ICMP) 

(Landcare Research, Auckland, New Zealand). The tested strains 

were ICMP11096, ICMP11097, ICMP12220 and ICMP12322. Bac-

terial strains were maintained as lyophils at 4°C and subcultures 

were obtained on the medium King Agar B (KB) for 48 hrs. at 22°C 

[12]. The studied phytopathogenic fungi, Fusarium oxysporum 

Schlechtend: Fr (F.oxy) (isolate number 1357) and Rhizoctonia 

solani Kühn (R.sol) (isolate number 1312) were derived from toma-

to and potato respectively and maintained on potato dextrose agar 

(PDA) at 4°C at School of Agricultural, Forestry, Food and Environ-

mental Sciences, University of Basilicata, Potenza, Italy.  
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Antifungal Activity of Volatile Secondary Metabolites 

The tested bacterial strains were grown on 14 ml KB medium in 
Petri dishes and incubated at 25°C for 24 hrs. The studied fungi 
were cultured on 14 ml PDA media in Petri dishes at 22°C for 96 
hrs. The test was performed according to Wan, et al. [13] using a 
double-dish chamber containing target fungi-inoculated in one up-
ward dish of PDA (9 cm diameter) and 100 μl of bacterial suspen-
sion Bga on the downward dish of KB (9 cm diameter). The cham-
ber was sealed with Parafilm™ and incubated at 22°C in darkness 
for 4-5 days. Fungitoxicity of volatile metabolites was monitored and 
then expressed by measuring the diameter of mycelium growth 
(mm). The experiment was carried out two times with three repli-
cates. For biochemical characterization of VOCs with antifungal 

activity the most bioactive Bga strain was selected. 

Chemical Characterization of Volatile Metabolites of Bga IC-
MP11096 

The fresh culture of studied bacteria 24 hrs. old was inoculated in 
glass tube of 10 ml nutrient KB and incubated at 22°C for 5 days in 
darkness for collecting the volatile organic compounds. A qualitative 
analysis of VOCs has been carried out using Solid Phase Micro 
Extraction method (SPME) as following: an SPME fiber inserted 
inside the glass tube and then the tube was heated at 25°C for 20 
min. The SPME analysis of headspace was applied as following: an 
SPME fiber coated with 100 µm of non-grafted poly 
(dimethylsiloxane) phase (Supelco 57300-U, mounted on a Supelco 
57330 support) was conditioned for 1 hr. at 250°C in a stream of 
helium. A single fiber was used for the complete study. A blank run 
was performed after each analysis in order to confirm that no resid-
ual compounds were polluting the fiber or the column. The fiber was 
later introduced into the injection port of a HP6890 plus gas chro-
matograph equipped with a Phenomenex Zebron ZB-5 MS capillary 
column (30 m x 0.25 mm ID x 0.25 µm film thickness). A HP 5973 
mass selective detector (mass range: 15-800 mAU; scan rate: 1.9 
scan/s; EM voltage: 1435) was used as detector, helium at 0.8 ml/
min was used as carrier gas. The injection port, equipped with a 
glass insert (internal diameter 0.75 mm) was splitted at 250°C. The 
desorption time of 1.0 min was used. Detector was maintained at 
230°C. Oven was maintained at 40°C for 2 min, then the tempera-
ture was increased until 250°C (8°C/min) for 10 min. All the anal-
yses were performed in triplicate. The chromatograms obtained 
from the total ion current were integrated without any correction for 
coelutions and the results were expressed as percent of the total 
area of peaks. All peaks were identified from their mass spectra by 

comparison with spectra in Wiley 6N and NIST98 libraries. 

Bioactivity of Standards VOCs d Limonene and 4-Flavanone 

The antifungal activity of both 4-flavanone and d limonene sub-
stances was screened against F. oxysporum and R. solani using a 
double-dish chamber [13] as following: plating 100 μl of 4-flavanone 
100mg/L and/or d limonene 100 µl/L in empty sterilized Petri dish 
and stated in one side of another PDA plate that was inoculated 
with fungal discs. The double-dish chamber was sealed with three 
layers of Parafilm and was incubated in darkness at 22°C for 4-5 
days. The experiment was carried out two times with three repli-
cates. Fungitoxicity was expressed as a percentage of growth inhi-
bition (PGI) in respect of control and calculated according to the 

formula of Zygadlo, et al. [14] as following [Eq-1]: 

(1) 

Where: GC represents the average diameter in mm of fungal myce-

lium in control PDA. 

GT represents the average diameter in mm of fungal mycelium on 

the treated PDA dish contain the standards of VOCs. 

Results and Discussion 

Antifungal Activity of Volatile Secondary Metabolites  

Results of bioactivity assay demonstrated that all studied strains of 
Bga produced volatile secondary metabolites which were able to 
reduce the fungal mycelium growth of F.oxy and R.sol significantly 
after 5 days of incubation. In particular, ICMP11096 and IC-
MP12220 strains Bga showed the highest significant reduction of 
mycelium growth of F.oxy [Fig-1] whereas strains ICMP11096, IC-
MP11097 and ICMP12220 showed the highest significant reduction 
of mycelium growth of R.sol [Fig-2]. Strain ICMP11096 was select-

ed for further biochemical analysis of VOCs.  

Fig. 1- Antifungal activity of volatile secondary metabolites of 
Burkholderia gladioli pv. agaricicola strains against Fusarium ox-

ysporum.  

*Bars with different letters indicate mean values significantly differ-
ent at P < 0.05 according to Duncan test; data are expressed as 

mean (SDS), R=3. 

Fig. 2- Antifungal activity of volatile secondary metabolites of 
Burkholderia gladioli pv. agaricicola strains against Rhizoctonia 

solani.  

*Bars with different letters indicate mean values significantly differ-
ent at P < 0.05 according to Duncan test, data are expressed as 

mean (SDS), R=3. 

Analysis of Volatile Substances by GC-MS 

Analysis of the VOCs emitted by ICMP11096 Bga strain using GC-
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MS evidenced the presence of two volatile compounds with molecu-
lar weight of m/z 136 and 224.1 at retention times of 8.9 min and 

24.7 min, respectively [Table-1]. 

The subsequent fragmentation of the two isolated volatile com-
pounds using the Electrospray Ionization and Ion Cyclotron Dissoci-
ation Mass Spectroscopy (ESI- CID MS/MS) showed that the first 
compound was a liquid hydrocarbon of cyclic terpene [Fig-3] where-

as the second one was a 4-flavanone [Fig-4]. 

The first volatile compound was classified as liquid hydrocarbon of 
cyclic terpene and was expected to be a cyclohexene, 1-methyl-4-
(1-methylethenyl) and commonly considered one of the more fre-
quent d-isomer of limonene. Similar results were obtained by Ayoo-
la, et al. [15] who studied the antimicrobial activity of the volatile oil 
extracted from Citrus reticulata fruit peel and have revealed the 
presence of d limonene which showed an antimicrobial properties 
against a wide range of microorganisms. On the other hand, Hoss-

ain, et al. [16] have characterized the bioactivity of the extracted 
essential oils of Orthosiphon stamineus which has showed a re-
markable antifungal effect against some phytopathogenic fungi due 
to the presence of caryophyllene, humulene, elemene, bourbonene, 

pinene, caryophyllene oxide, camphene and limonene.  

Table 1- Chemical properties of identified VOCs from ICMP11096 

Bga strain 
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VOCs D Limonene 4-Flavanone 

Molecular structure     

IUPAC ID 
1-methyl-4-(1-methylethenyl)-

cyclohexene 
4H-1-Benzopyran-4-one, 2, 3-

dihydro-2-phenyl 
Molecular Formula C10H16 C15H12O2 

Molar mass 136.24 g/mol 224.1 g/mol 
Melting point -74.35°C 76°C 

Retention time 8.9 min 24.7 min 

Fig. 3- Mass spectrum of d Limonene 

Fig. 4- Mass spectrum of 4-Flavanone 

Many studies have been carried out on the second volatile com-

pound 4-flavanone (4H-1-Benzopyran-4-one, 2, 3-dihydro-2-
phenyl). Flavanones are considered an imperative group of natural-

ly occurring secondary metabolites; they are important intermedi-
ates for the synthesis of biologically active flavones and isofla-

vones. Flavonoids and flavanones have attracted considerable 
attention for their interesting biological activities like antimicrobial 

[17,18], antibacterial [19], antifungal [20], antiviral [21], antihyper-
tensive [22], antioxidants [22], anti-inflammatory [22], anti-lung can-

cer [23] and antiviral [21] effects. Kamboj, et al. [24] evaluated the 
antimicrobial activity of some flavanone compounds against some 

pathogenic bacteria and fungi and concluded that all tested fla-
vanones exhibited antibacterial and antifungal activity against some 

G+ve bacteria Staphylococcus aureus and Bacillus subtilis. Howev-
er, all tested compounds were ineffective against some G-ve bacte-

ria Escherichia coli and Pseudomonas aeruginosa. In addition, all 

tested flavanones showed antifungal activity against Aspergillus 

niger and A. flavus isolated from human patients of 55% for both 
fungi [24]. Vatkar, et al. [18] screened the antimicrobial activity of 
Flavanone against some bacteria and fungi and found that all tested 

compounds showed effective antibacterial activity against E. coli 
and P. aeruginosa and antifungal activity against A. niger and A. 

flavus. Cao, et al. [25] isolated two flavanone compounds: (2R, 3R)-
8-lavandulyl-2'-methoxy-5, 7, 4'-trihydroxyflavanonol and 8-

lavandulyl-5, 7, 4'-trihydroxyflavonol from the dry roots of Sophara 
flavescens and studied their antimicrobial activity and concluded 
that both compounds exhibited significant antibacterial activity 

against Staphylococcus aureus and Bacillus subtilis equally as chlo-
ramphenicol which was used as positive control. Cushnie and Lamb 
[26] reviewed that some flavonoids compounds showed antiviral 

activity against human immunodeficiency virus (HIV). 

The mechanism of antimicrobial activity of identified 4-flavanone 
compound could be demonstrated by the presence of (-OH) group 
which possess highly antimicrobial activity. Whereas, the incorpora-
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tion of (-CH3) and (-OCH3) groups cause the diminution in antimi-

crobial activity.  

Bioactivity of VOCs Standards of d Limonene and 4-Flavanone  

As summarized in [Table-2], both studied standards were able to 
inhibit the growth of fungal mycelium individually and in synergic 
combination against the same target tested organisms F.oxy and 
R.sol. The obtained results verified our hypothesis that VOCs which 
produced by Bga strain ICMP11096 and have been identified as d 
limonene and 4-flavanone could be responsible for the antifungal 
activity against the target tested organisms. Further studies are 
important to determine exactly the Minimum Inhibitory Concentra-
tion (MIC) of both substances which able to inhibit completely the 

fungal growth. 

Table 2- Fungitoxicity percentage of standards d Limonene and 4-

Flavanone 

Conclusion 

Studied strains of Bga were able to antagonize important plant 
pathogenic fungi such as F.oxy and R.sol by producing some vola-
tile bioactive secondary metabolites. The most bioactive Bga strain 
ICMP11096 produced two bioactive compounds. The first one was 
classified as liquid hydrocarbon of cyclic terpene and considered 
one of the more frequent d isomer of limonene whereas the second 
compound was classified as 4-flavanone. The obtained results stat-
ed that the studied bacterial Burkholderia strains could be used 
effectively as biological control agents against two tested phyto-
pathogenic fungi due to their production of bioactive volatile com-
pounds. Further studies are necessary for comparing the bioactivity 
of naturally isolated volatile compounds with the commercial syn-
thetic pesticides, verify the efficacy of isolated VOCs against other 
pathogenic fungi and find out the mode of use of these natural sub-

stances in controlling plant pathogens practically. 
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Standards 
Fungitoxicity percentage 

F. oxysporum R. solani 

d Limonene 31.7 57.6 

4-Flavanone 44.7 49.4 

Synergic effect 60 69.4 

http://en.wikipedia.org/wiki/Terpene
http://www.google.com/url?sa=t&rct=j&q=J+Agric+Food+Chem&source=web&cd=1&cad=rja&ved=0CCQQFjAA&url=http%3A%2F%2Fpubs.acs.org%2Fjournal%2Fjafcau&ei=-99YUKaIFsjctAa6poGgAQ&usg=AFQjCNH5PAfTp8G3y2WT0pD14ztU8PQzEg
http://www.sciencedirect.com/science/article/pii/S1049964408001473##
http://www.sciencedirect.com/science/article/pii/S1049964408001473##
http://www.sciencedirect.com/science/article/pii/S1049964408001473##
http://www.sciencedirect.com/science/article/pii/S1049964408001473##
http://www.sciencedirect.com/science/article/pii/S1049964408001473##
http://www.sciencedirect.com/science/journal/10499644
http://www.sciencedirect.com/science/journal/10499644

